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� California’s 5th most populous city (480,000 
people)

� 70,000 AF of drinking water per year
� 5,500 AF of reclaimed water per year
� Operate largest GW treatment plant in US
� 912 miles of drinking water lines
� 763 miles of sewer lines



80%: Drinking Water
-46% LB Groundwater
-54% Imported

14%: Conservation



� Very little population growth

� Expansion of recycled water and water 
conservation 

� Seawater                  supplement 
desalination   ==>    City’s imported 
necessary                 drinking water supply



� Uses pressures in excess of 800 psi
� Energy intensive
� High-pressure materials required �

high capital costs
� “Traditional” seawater desalination 

method cost prohibitive 



� Patent pending dual-staged process

1st Stage

2nd Stage

� Energy savings
� Lower 

pressure 
requirements 

==> Lower 
energy 
consumption

� Quality 
protection
� Two physical 

barriers



� Overview



� 3 manufacturers / 4 nanofiltration membranes 
evaluated:
– Dow/FilmTec
– Koch/Fluid Systems
– Osmonics

� Process Schematic

Raw Seawater
1 Vessel

5 elements/vessel

Concentrate

Permeate
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� Membrane A was selected for phase 2 testing

Stage 1A
(500 - 600 psi)

Raw 
Seawater

Stage 2 (200 - 300 psi)

Stage 1B (500 - 600 psi)

Product

Brine



� Operational data



� Water quality



� Need to come up with a hybrid system
� Optimization  

– Mix membranes between stages (i.e.. different 
membranes in stage 1 vs. Stage 2)

– Mix membranes within a vessel to come up with a 
optimal permeate WQ and flux 

Flow

Permeate 
Quality/ FluxBetter Worse



� Membrane Technical Specification, 25oC



Phase 3 Results Phase 3 Results -- RecoveryRecovery
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Phase 3 Results Phase 3 Results -- TDSTDS
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Phase 3 Results Phase 3 Results -- PowerPower
� HP = Q * P * 2.3 / (3960 * e)

– Standard efficiencies (75% - 82%)
– included additional energy losses

� kW = 0.746 * HP

ERD

Stage 1A Stage 2A

Stage 2B

Stage 1B

A BP



Phase 3 Results Phase 3 Results -- PowerPower
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� Dual-staged NF process provides flexibility
� Opportunity to use less costly materials
� A wide range of membranes manufacturers 
� General permeate WQ consistent with single-pass 

SWRO
� Theoretical power cost on lower range of “literature 

values” 
� Power cost comparisons are difficult due to varying 

end product quality 



� AWWARF TC (challenge testing/ modeling/ 
corrosion)

� A 300,000 gpd demonstration facility is under 
design and is expected to be completed by  the 
first part of 2004

� Future research will focus on:
– Pretreatment
– Boron removal
– Post-treatment
– Brine discharge
– Long-term membrane performance
– Physically test energy recovery devices (ERD)
– Detailed cost information
– Treatment performance as a whole
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